
Basic Properties of
Ch D it WCharge Density Waves



Interesting PropertiesInteresting Properties

• Non‐linear DC and 
AC Conductivity

• Metastable Memory

• Metal‐Insulator 
Transition

• “Superconductivity”

• …
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Overview

• Formation of CDWs in one‐dimensional metals 
d i hi h di i liand extension to higher dimensionality

• Dynamics of CDWs
– Effect on electrical transport
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Peierls InstabilityPeierls Instability

A l i ill iApplying an oscillating 
potential with wavelength 
2π/Q to a one‐
dimensional free electrondimensional free electron 
model;
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Kohn AnomalyKohn Anomaly

Redner, S. arXiv:physics/0407137v2 [physics.soc‐ph]
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Kohn AnomalyKohn Anomaly

Fröhlich Hamiltonian for non-interacting electrons in the one-Fröhlich Hamiltonian for non interacting electrons in the one
dimensional jellium model

Normalized acceleration of Fourier components for lattice 
distortion

Electrons screen the restoring force of ion distortion, thereby 
reducing the frequency of phononsreducing the frequency of phonons.
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Kohn Anomaly
Electrons screen the restoring force of ion distortion, thereby 
d i h f f h

Kohn Anomaly

reducing the frequency of phonons.

Static lattice distortion 7S.Dietze



Band StructureBand Structure

Q=+2kFQ=‐2kF
(One electron per unit cell)

Change in Strain Energy due 
to a lattice distortion;

Change in electron energy 
due to band gap;

If total energy is reduced, CDW spontaneously forms.
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NestingNesting
The singularity in the Polarization function is the result of overlapping 
Fermi surfaces when the original Fermi surface is displaced by a 

Q 2k

g p y
wavevector Q.

Q=2kF

Q=2kF

Q=Q0

Distortion in the Fermi Surface can 
result in Peierls Instability and Kohn 
Anomoly in higher dimensions
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Commensurate PhaseCommensurate Phase

Since Q = 2kF = πN/a ‐> λ = 2a/N, where the crystal 
periodicity is a then if N is a rational number the CDWperiodicity is a, then if N is a rational number the CDW 
locks into the crystal.

Excitation energy necessary for conductionExcitation energy necessary for conduction 
(semiconductor or Insulator)
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Incommensurate PhaseIncommensurate Phase

a/b irrationala/b irrational

‐Translational invariance

Ground State conducts 
without resistance when;without resistance when;
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Impurity PinningImpurity Pinning

Strong Pinning:Strong Pinning:
‐ CDW is phase locked at 
impurity sites

Weak Pinning:
‐ CDW’s phase has 
spatial variationp
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